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Description 

Field of the Invention 

5 [0001] The instant invention relates generally to packet-based communication systems and particularly to fair-queuing 
systems implemented in routers and switches in a packet-based communication system. 

Background of the Invention 

w [0002] Much research has been devoted to development of queuing systems for packet-based communication net- 
works that emulates as closely as possible, an ideal "fluid flow" model, i.e., where data packets communicated from 
multiple sources are considered to be infinitely divisible and multiple sources may transmit their data simultaneously, 
e.g., on a single physical communication link. Infinite divisibility is not feasible in practice. In packet networks, typically 
once a packet is transmitted over the link, the whole packet must be sent, i.e., it cannot be interrupted to transfer another 

15 packet in between. As there exists a desire to provide Quality of Service "QoS" guarantees in a packet network, there 
is required the implementation of traffic scheduling methods in the data packet switches or routers. The function of a 
scheduling method is to select, for each outgoing link of a switch, the packet to be transmitted in the next cycle from the 
available packets belonging to the communication sessions sharing the output link. This selection must be performed 
such that the QoS guaranteed for the individual traffic sessions, e.g., upper bounds on maximum delay, are satisfied. 

20 Implementation of the method may be hardware or software, but because of speed considerations, scheduling is usually 
implemented in hardware in ATM switches and high-speed routers. 

[0003] Many different scheduling methods have been proposed to approximate the theoretical scheduling discipline 
known as Generalized Processor Sharing (GPS) system, which is a discipline defined with respect to the "fluid" model. 
Such a GPS would allow for tight control of the bandwidth allocated to each session communicating on a link. However, 

25 as packets transmitted by a session cannot be divided further, the data from multiple sources must be interleaved only 
at packet boundaries. Thus, the GPS discipline cannot be implemented in practice in a packet-switched network. 
[0004] Servicing of separate queues by simple FIFO, Round Robin, and fair queuing techniques, and the like, are 
well-known. However, "Weighted" fair-queuing ("WFQ") schemes have been developed that closely approximate the 
fluid system. Particularly, A. Demers, S. Keshav, S. Shenker, in the reference "Analysis and Simulation of a Fair Queuing 

30 Algorithm" Internetworking: Research and Experience, pp, 3-26, vol. 1, 1990 describe a fair queuing scheme that 
emulates GPS by essentially simulating a fluid flow GPS system for reference and basing packet scheduling decisions 
on the order of departures in the GPS system. In weighted fair queuing, each traffic session / sharing the output link 
controlled by the scheduling method is assigned a value corresponding to the reserved bandwidth of the session. The 

values (j>| are computed such that the reserved bandwidth of session / on the link is given by: 
v * 

— where the denominator computes the sum of the § x values for all x> sessions sharing the link. 

M 

40 [0005] Particularly, as shown in Fig. 1, a WFQ system 100 is provided with a plurality of per-connection queues 20a 

20i, with each queue storing packets in a different portion of a shared memory 25 for temporarily storing packets of 
information, e.g., input traffic from a source device such as a data terminal. It is understood that there can be provided 
different types of queues for accommodating different types of traffic, e.g., audio, video, data, etc. Additionally provided 
is a shaper30a 30i that forward packets from the queues to the Weighted Fair Queueing Server with a rate exactly 

45 equal to the allocated. The Weighted Fair Queueing scheduler assumes that a weight is associated with each queue 
20a,...,20i; respectively, so thatthe service offered by the schedulerto each one of these queues while they have packets 
waiting is always in proportion to the weights. For example, let us assume thatthe capacity (bandwidth) of the link C=10 
packets/sec. Let us also assume that the scheduler is serving three queues; Q1 being accorded a weight WQ1=20%, 
queque Q2 being accorded a weight WQ2=30%, and queue Q3 being accorded a weight WQ3=50%. Then, if all queues 

50 have packets waiting, then Q1 and Q2 will receive a guaranteed bandwidth of 2 and 3 packets/second respectively, and 
Q3 will receive a guaranteed bandwidth of 5 packets/second. However, if, for example, Q3 does not have any packets 
waiting, then the excess bandwidth is equal to 5 packets/second. In a WFQ system, this excess bandwidth is redistributed 
in proportion to the associated weights of the queues that have packets waiting. In the above example, when queue Q3 
does not have packets waiting, the excess bandwidth will be distributed proportionally to queues Q1 and Q2 so that they 

55 now receive instaneous bandwidth of 4 and 6 packets per second respectively. Each packet leaving its respective shaper 
30 is forwarded directly to a Rate Proportional Server 40 ("RPS"), which may be any weighted fair queuing variation, 
that forwards the packets to output link 50. 

[0006] In such a WFQ scheme, beneficial properties exist such as end-to-end delay guarantees, e.g., each packet is 
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guaranteed a certain rate for each packet flow in the stream, and, the provision of isolation between streams, e.g., a 
misbehaving source will not effect the flow of other streams. Additionally, an added benefit is that when there is under- 
utilization of capacity, e.g., when flow is particularly bursty and there may be idle time, the WFQ system facilitates the 
redistribution of the unused bandwidth so as to preserve work-conservation property. Presently, the redistribution property 
5 of unused bandwidth capacity among the queues is done in a manner inherited from the fluid-flow model, e.g., in 
accordance with the weight associated with the particular queue. Thus, when the packet queues are idle, "excess" 
bandwidth is re-distributed to backlogged connections in proportion to their weights which are based on long-term 
requirements. 

[0007] The drawback of GPS that all fair queuing systems inherit in their close emulation of GPS is that GPS severely 
10 restricts state -de pen dent bandwidth sharing. The only state-dependency in GPS is in the number of backlogged con- 
nections. There is no further latitude and sharing is determined by the guaranteed rates which are set based on long 
term needs of the connections. This restriction on bandwidth sharing is more stringent than that necessary to preserve 
a key of property of fair queuing, the ability to guarantee worst case delay bounds for leaky bucket controlled traffic 
sources. Consequently, there is no need for fair queuing systems to emulate the possibly suboptimal excess bandwidth 
15 sharing of GPS. 

[0008] It would thus be highly desirable to provide in a weighted fair queuing system emulating GPS, a method of 
achieving redistribution of unused bandwidth in a state-dependent manner, i.e., that reflects instantaneous needs of the 
remaining backlogged traffic flows. 

[0009] In the art, an article entitled 'Hierarchical Packet Fair Queuing Algorithms' by J. Bennett and H. Zhang (ACM 
20 SIGCOMM Computer Communication Review, Vol. 26, No. 4, Oct. 1996, pp 143-156) describes a collection of packet 
fair queuing algorithms directed to the approximation of Hierarchical General Process Sharing in packet-based networks. 
A particular such algorithm is said to select, as a next packet for transmission, a packet having the smallest virtual finish 
time. 

25 Summary of the Invention 

[0010] A method and apparatus according to the present invention are set out in the independent claims, to which the 
reader is now referred. Preferred features are laid out in the dependent claims. 

[0011] The instant invention is a modified approach to weighted fair queuing implementing an adaptive redistribution 
30 scheme. In such a scheme, each per connection flow is guaranteed its specified share of the link bandwidth with any 
excess bandwidth being adaptively redistributed. The scheme enables preservation of fair queuing's ability to provide 
worst case end to end delay bounds and the schemes work like fair queuing when there is no excess bandwidth. The 
excess bandwidth may be distributed according to a different criteria. Examples of state dependent criteria are: 1) Longest 
delay first (LDF) that serves the flow with current longest delay; 2) Least time to overflow (LTO) that serves the flow with 
35 minimum difference between maximum allowed delay and current delay; 3) Least time to overflow with leaky buckets 
(LTO-LB) that serves the flow which would cause buffer overflow first if worst case arrivals happen. 
[0012] Advantageously, the adaptive bandwidth redistribution scheme always provides the minimum guarantees re- 
quired for each of the connections and satisfies worst case fairness measures. 

[0013] The LDF policy uses excess bandwidth to reduce the variance of the delay distribution which has the added 
40 benefit of reducing the pi ay out buffer size for voice and video sources. Simulations with video traces and with voice 
traffic shows that indeed this policy performs better than GPS without any sacrifice of worst case guarantees. Since the 
deviation from the maximum allowed delay is not taken into account, flows with small delay bounds (like voice) get almost 
no excess bandwidth in the presence of flows with large delay bounds. Impreciseness in assigning weights can result 
in these flows experiencing losses much more than flows with large delay bounds. 
45 [001 4] The LTO policy tries to minimize packet losses by assigning excess bandwidth under the assumption that the 
flow which is likely to overflow the quickest has the most instantaneous bandwidth need. In doing so, it takes into account 
the current deviation of each flow from its maximum allowed delay. Simulations with a mix of CBR, voice, and video 
sources with very different delay bounds show that this policy reduces losses for all classes as well as reduces the 
variance of delay for each class. 
50 [0015] The various features of novelty which characterize the invention are pointed out with particularity in the claims 
annexed to and forming a part of the disclosure. For a better understanding of the invention, its operating advantages, 
and specific objects attained by its use, reference should be had to the drawings and descriptive matter in which there 
are illustrated and described preferred embodiments of the invention. 

55 Brief Description of Drawings 

[0016] 
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FIG. 1 is a general data flow diagram illustrating the features of the weighted fair queuing and a rate proportional 
Server. 

FIG. 2 illustrates the weighted fair queuing scheduling system of the invention. 

5 Detailed Description of the Invention 

[0017] Figure 2 is a general block diagram illustrating the fair queueing method with adaptive excess bandwidth 
redistribution. The system consists of a set of queues 1 00, a shaper device 30a, ..301 associated with each queue, and 
Weighted Fair Queueing Server or Rate Proportional Server 40 and a State Dependent Server (SDS) 200. Packets are 

10 temporarily stored in the queues 20a,.. .20i. A weight is assigned with each of these queues representing the portion of 
the output bandwidth that must be allocated to the packets arriving in each of the queues. The shaper device is forwarding 
packets from the queues to the Weighted Fair Queueing Server with a rate exactly equal to the allocated. This scenario 
enables excess bandwidth to become available for redistribution. In accordance with the principles of the invention, 
traffic from another source, i.e., another queue, may be directed to the adaptive bandwidth redistribution mechanism, 

15 which is hereafter referred to as state dependent scheduler 200. It should be understood to skilled artisans that the 
hardware architectures for implementation of the per-connection queues, shaper devices, and schedulers may vary, 
without diverting or straying from the principles of the invention described herein. 

[0018] As described above, the shaper releases packets to the scheduler with a rate exactly equal to the allocated 
rate. The service offered by the shapers 30a,..,30i to the respective queue connections Y during an interval of time is 
20 denoted by Sj (x,t) in Figure 2. It is assumed that packets are transferred from the shaper to the scheduler with infinite 
capacity. The service offered by the rate proportional scheduler 40 is denoted as Rj (x,t). 

[0019] Packets that have not become eligible for service remain in the corresponding connection queue in the shaper, 
while all the eligible packets wait for service in the RPS Scheduler queue 40. Service is always provided from the RPS 
scheduler queues 40, as long as packets are available there. When all of the scheduler queues are empty, the state 
25 SDS 200 is invoked to select a packet from the queues 20a,. .,20i for transmission with the service offered to a connection 
not affecting the state of the shaper 30. As shown in Fig. 2, the service offered by the shaper 30 to the queue connection 
V during an interval of time is denoted by Dj (t,t) and the service offered by the state dependent scheduler200 is denoted 
as Z x (x,t). 

[0020] The shaper device 30 can be implemented using a calendar queue that is a well known mechanism to any 
30 skilled artisans. A description of the calendar queue mechanism for shaping has been presented in D. Stiliadis and A. 

Verma: A General Methodology for Designing Scheduling and Shaping Algorithms, in Proceedings of IEEEINFOCOM'97. 

[0021] The Rate Proportional Server (Weighted Pair Queueing Server) 40 can be implemented using any known fair 

queueing mechanisms of which there are several known to those skilled in the art. Examples are D. Stiliadis and A. 

Varma: Traffic Scheduling System and Method for Packet-Switched Networks, U.S. Patent 5,859,835. 
35 [0022] At some point of time, if it is determined that there are no packets in the RPS scheduler, then this is an indication 

of free bandwidth. Thus, packets may be served by the SDS 200 based on a state dependent manner. By state dependent 

manner, it is meant that the decision is based on the current state of some variables related to the system. Two examples 

of state dependent decisions are Longest Delay First and Least Time to Overflow. 

[0023] In the Longest Delay First, the scheduler SDS 200 selects among the queues 20a, ...20i, the one that has the 
40 packet that will see the longest delay if this queue is served with a rate equal to guaranteed. To do that, the scheduler 
assigns to each queue a delay value that is equal to the size of the queue divided by the guaranteed rate. This value 
describes the delay that the last packet of this queue will see. The SDS 200 selects the queue with the maximum such 
value using any mechanism for selecting the maximum value among a set of numbers. The selection mechanism is a 
well known method to any skilled artisan. 

45 [0024] In the Least Time to Overflow mechanism, the SDS scheduler 200 selects among the queues 20a 20i that 

queue which is likely to overflow in the shortest time. The mechanism assumes that a maximum size is associated with 
a queue. Every time a packet arrives or is serviced by a queue, a packet-to-overflow variable counts the number of 
packets that can be added to the queue without exceeding its maximum capacity. A second variable, denoted as time- 
to-overflow, indicates the expected time to overflow and is calculatec by dividing the packets-to -overflow variable by the 
50 associated rate. The SDS 200 selects for transmission the queue with the minimum time-to-overflow variable. The 
minimum is determined by any of the well known mechanisms to anyone skilled in the art. 

[0025] Although the above variables explain two methods for calculating state dependent variables, other similar 
methods may be used. Based on the state dependent variables, the scheduler mechanism 200 will direct packets from 
the selected queues over separate link 75 where the packet will be multiplexed by multiplexer element 350 andforwarded 
55 to its next destination. 

[0026] It should be understood that the property of worst case fairness is also satisfied in the system of the invention. 
In worst case fairness, the servicing of queues of different lengths at different allocated rates is interleaved such that a 
packet from a first queue is serviced at timet-, and the packet of a second queue is serviced at a time tg. In the invention, 
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the measure of worst case fairness is satisfied, such that, the time interval t^t,, in the worst case, is less than or bounded 
by a value that is not a function of the number of connections, but is a function of the packet size of the longest queue, 
e.g., the queue serviced at time t-, and the allocated rate of that longest queue. 

[0027] Thus, the property of worst case fairness is satisfied by the implementation of the SDS 200 in the weighted fair 
5 queuing system of the invention. 



Claims 

10 1 . Apparatus for routing packets in a communication network comprising: 

a plurality of per-connection queues (20), each queue established for receiving packets from a respective source 
and temporarily storing received packets before routing to a particular destination; 

weighted fair queuing scheduling means (40) servicing packets from each of said plurality of per-connection 
15 queues at guaranteed pre-allocated rates; 

means for sensing a presence or absence of packets in queues (40), said absence of packets in queues 
indicating availability of excess bandwidth; and 

CHARACTERIZED IN THAT the apparatus further comprises: 

20 

state dependent scheduling means (200) for adaptively redistributing excess bandwidth upon sensing of queues 
absent said packets, said state dependent scheduling means servicing those queues in accordance with a state 
variable corresponding to a selectable performance property of said queues, said performance property being 
determined in respect to an instantaneous state of a given queue, 

25 

wherein delay and isolation properties for routing packets of respective queues is preserved. 

2. Apparatus for routing packets in a communication network as claimed in claim 1 , wherein a said performance 
property of a queue includes the queue having the greatest amount of packets, said corresponding state variable 

30 being longest queue first. 

3. Apparatus for routing packets in a communication network as claimed in claim 1, wherein a said performance 
property of a queue includes that queue having a packet waiting to be serviced in the longest amount of time, said 
corresponding state variable being longest delay first. 

35 

4. Apparatus for routing packets in a communication network as claimed in claim 1 , wherein a said performance 
property of a queue includes the queue most likely to overflow buffer memory containing said queue, said corre- 
sponding state variable being most likely to overflow buffer. 

40 5. Apparatus for routing packets in a communication network as claimed in claim 1 , wherein a worst case fairness 
measure for said connections is satisfied. 

6. Method for routing packets in a communication network comprising: 

45 establishing a plurality of per-connection queues, each queue for receiving packets from a respective source 

and temporarily storing received packets before routing to a particular destination; 
servicing packets from each of said plurality of per-connection queues at guaranteed pre-allocated rates; 
sensing a presence or absence of packets in queues, said absence of packets in queues indicating availability 
of excess bandwidth; and CHARACTERIZED IN THAT the method includes the futher step of: 

50 

adaptively redistributing excess bandwidth upon sensing of queues absent said packets, said adaptive 
redistribution being implemented by state dependent scheduling means (200) servicing those queues in 
accordance with a state variable corresponding to a selectable performance property of said queues; 

55 wherein said performance property is determined in respect to an instantaneous state of a given queue; and 

further wherein delay and isolation properties for routing of said packets are preserved. 

7. The method of claim 6 wherein said selectable performance property of a queue includes the queue having the 
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greatest amount of packets, said corresponding state variable being longest queue first. 

8. The method of claim 6 wherein said selectable performance property of a queue includes that queue having a packet 
waiting to be serviced in the longest amount of time, said corresponding state variable being longest delay first. 

5 

9. The method of claim 6 wherein said selectable performance property of a queue includes the queue most likely to 
overflow buffer memory containing said queue, said corresponding state variable being most likely to overflow buffer. 

10 Patents nsp ruche 

1. Vorrichtung zum Routen von Paketen in einem Kommunikationsnetz, umfassend: 

mehrere Pro-Verbindung-Warteschlangen (20), wobei jede Warteschlange zum Empfangen von Paketen von 
15 einer jeweiligen Quelle und zum vorubergehenden Speichern empfangener Pakete vor dem Routen zu einem 

bestimmten Ziel eingerichtet ist; 

Mittel (40) zum gewichteten fairen Warteschlangen-Einteilen, die Pakete aus jeder der mehreren Pro-Verbin- 
dung-Warteschlangen mit garantierten im voraus zugeteilten Raten verso rgen; 
Mittel zum Erfassen einer Anwesenheitoder Abwesenheit von Paketen in Wart esc h Ian gen (40), 

20 

wobei die Abwesenheit von Paketen in Warteschlangen Verfugbarkeit uberschussiger Bandbreite anzeigt; und 
dadurch gekennzeichnet, dal3 die Vorrichtung ferner folgendes umfaBt: 

Mittel (200) der zustandsabhangigen Einteilung zum adaptiven Umverteilen uberschussiger Bandbreite bei 
25 Erfassung von Warteschlangen, bei denen die Pakete fehlen, wobei die Mittel der zustandsabhangigen Eintei- 

lung diese Warteschlangen gernaR einer Zustandsvariablen versorgen, die einer wahlbaren Leistungseigen- 
schaft der Warteschlangen entspricht, wobei die Leistungseigenschaft in bezug auf einen Momentanzustand 
einer gegebenen Warteschlange bestimmt wird, 

30 wobei Verzogerungs- und Isolationseigenschaften zum Routen von Paketen jeweiliger Warteschlangen erhalten 

werden. 

2. Vorrichtung zum Routen von Paketen in einem Kommunikationsnetz nach Anspruch 1 , wobei eine Leistungseigen- 
schaft einer Warteschlange die Warteschlange mit der groBten Menge an Paketen umfaRt, wobei es sich bei der 

35 entsprechenden Zustandsvariablen um langste Warteschlange zuerst handelt. 

3. Vorrichtung zum Routen von Paketen in einem Kommunikationsnetz nach Anspruch 1 , wobei eine Leistungseigen- 
schaft einer Warteschlange die Warteschlange umfaRt, die ein Paket aufweist, das darauf wartet, in der langsten 
Zeitdauer versorgt zu werden, wobei es sich bei der entsprechenden Zustandsvariablen um langste Verzogerung 

40 zuerst handelt. 

4. Vorrichtung zum Routen von Paketen in einem Kommunikationsnetz nach Anspruch 1 , wobei eine Leistungseigen- 
schaft einer Warteschlange die Warteschlange umfaBt, die am wahrscheinlichsten die Warteschlange enthaltenden 
Pufferspeicher uberlaufen laBt, wobei es sich bei der entsprechenden Zustandsvariablen um am wahrscheinlichsten 

45 uberlaufenden Puffer handelt. 

5. Vorrichtung zum Routen von Paketen in einem Kommunikationsnetz nach Anspruch 1 , wobei ein Fairness-MaR fur 
den ungunstigsten Fall fur die Verbindungen erfullt ist. 

50 6. Verfahren zum Routen von Paketen in einem Kommunikationsnetz, mit den folgenden Schritten: 

Einrichten mehrerer Pro-Verbindung-Warteschlangen, wobei jede Warteschlange zum Empfangen von Paketen 
von einer jeweiligen Quelle und zum vorubergehenden Speichern empfangener Pakete vor dem Routen zu 
einem bestimmten Ziel dient; 

55 Versorgen von Paketen aus jeder der mehreren Pro-Verbindung-Warteschlangen mit garantierten im voraus 

zugeteilten Raten; 

Erfassen einer Anwesenheit oder Abwesenheit von Paketen in Warteschlangen, wobei die Abwesenheit von 
Paketen in Warteschlangen Verfugbarkeit uberschussiger Bandbreite anzeigt; und dadurch gekennzeichnet, 
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daB das Verfahren ferner den folgenden Schritt umfaBt: 

adaptivesUmverteilen QberschussigerBandbreite bei Erfassungvon Warteschlangen, bei denen die Pakete 
fehlen, wobei die adaptive Umverteilung durch Mittel (200) derzustandsabhangigen Einteilung implemen- 
5 tiert wird, die diese Warteschlangen gemaB einer Zustandsvariablen versorgen, die einer wahlbaren Lei- 

stungseigenschaft der Warteschlangen entspricht; 

wobei die Leistungseigenschaft in bezug auf einen Momentanzustand einer gegebenen Warteschlange bestimmt 
wird; und 

10 wobei ferner Verzogerungs- und Isolationseigenschaften zum Routen der Pakete erhalten werden. 

7. Verfahren nach Anspruch 6, wobei die wahlbare Leistungseigenschaft einer Warteschlange die Warteschlange mit 
der groBten Menge an Paketen umfaBt, wobei es sich bei der entsprechenden Zustandsvariablen um langste War- 
teschlange zuerst handelt. 

15 

8. Verfahren nach Anspruch 6, wobei die wahlbare Leistungseigenschaft einer Warteschlange die Warteschlange 
umfaBt, die ein Paket aufweist, das darauf wartet, in der langsten Zeitdauer versorgt zu werden, wobei es sich bei 
der entsprechenden Zustandsvariablen um langste Verzogerung zuerst handelt. 

20 9. Verfahren nach Anspruch 6, wobei die wahlbare Leistungseigenschaft einer Warteschlange die Warteschlange 
umfaBt, die am wahrscheinlichsten die Warteschlange enthaltenden Pufferspeicher ilberlaufen laBt, wobei es sich 
bei der entsprechenden Zustandsvariablen um am wahrscheinlichsten uberlaufenden Puffer handelt. 



25 Revendi cations 

1. Appareil de routage de paquets dans un reseau de communication comprenant : 

une pluralite de files d'attente par connexion (20), chaque file d'attente etant etablie pour recevoir des paquets 
30 depuis une source respective et memoriser temporairement des paquets recus avant leur routage vers une 

destination particuliere ; 

un moyen d'ordonnancement de mise en file d'attente equitable ponderee (40) desservant des paquets depuis 
chacune de ladite pluralite de files d'attente par connexion a des debits pre-alloues garantis ; 
un moyen de detection de la presence ou de I'absence de paquets dans les files d'attente (40), ladite absence 
35 de paquets dans les files d'attente indiquant la disponibilite d'un excedent de bande passante ; et 

CARACTERISE EN CE QUE I'appareil comprend en outre : 

un moyen d'ordonnancement dependant de I'etat (200) pour redistribuer de facon adaptative I'excedent de 
40 bande passante lors de la detection de I'absence desdits paquets dans les files d'attente, ledit moyen d'ordon- 

nancement dependant de I'etat desservant ces files d'attente conform em ent a une variable d'etat correspondant 
a une propriete de performance selection nable desdites files d'attente, ladite propriete de performance etant 
determinee relativement a un etat instantane d'une file d'attente don nee, 

45 dans lequel des proprietes de retard et d'isolation pour le routage de paquets de files d'attente respectives sont 

preservees. 

2. Appareil de routage de paquets dans un reseau de communication selon la revendication 1, dans lequel une dite 
propriete de performance d'une file d'attente comporte la file d'attente qui detient le plus grand nombre de paquets, 

50 ladite variable d'etat correspondante etant la plus longue queue en premier. 

3. Appareil de routage de paquets dans un reseau de communication selon la revendication 1, dans lequel une dite 
propriete de performance d'une file d'attente comporte la file d'attente qui detient un paquet qui attend d'etre desservi 
depuis la plus grande quantite de temps, ladite variable d'etat correspondante etant le plus long retard en premier. 

55 

4. Appareil de routage de paquets dans un reseau de communication selon la revendication 1, dans lequel une dite 
propriete de performance d'une file d'attente comporte lafile d'attente la plus susceptible de deborder de lamemoire 
tampon qui contient ladite file d'attente, ladite variable d'etat correspondante etant la plus susceptible de deborder 
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du tampon. 

Appareil de routage de paquets dans un reseau de communication selon la revendication 1 , dans lequel une mesure 
de I'equite la plus defavorable desdites connexions est satisfaite. 

Precede de routage de paquets dans un reseau de communication comprenant : 

I'etablissement d'une pluralite de files d'attente par connexion, chaque file d'attente servant a recevoir des 
paquets depuis une source respective et a memoriser temporairement des paquets recus avant leur routage 
vers une destination particuliere ; 

la desserte de paquets depuis chacune de ladite pluralite de files d'attente par connexion a des debits pre- 
alloues garantis ; 

la detection de la presence ou de P absence de paquets dans les files d'attente, ladite absence de paquets dans 
les files d'attente indiquant la disponibilite d'un excedent de bande passante ; et 

CARACTERISE EN CE QUE le procede comporte I'etape supplemental de : 

redistribution adaptative de I'excedent de bande passante lors de la detection de I'absence de paquets dans 
les files d'attente, ladite redistribution adaptative etant mise en oeuvre par un moyen d'ordonnancement de- 
pendant de I'etat (200) qui dessert ces files d'attente conformement a une variable d'etat correspondant a une 
propriete de performance selection n able desdites files d'attente ; 

dans lequel ladite propriete de performance est determinee relativement a un etat instantane d'une file d'attente 
donnee ; et 

dans lequel en outre des proprietes de retard et d'isolation pour le routage desdits paquets sont preservees. 

Procede selon la revendication 6, dans lequel ladite propriete de performance selectionnable d'une file d'attente 
comporte la file d'attente qui detient le plus grand nombre de paquets, ladite variable d'etat correspondante etant 
la plus longue file d'attente en premier. 

Procede selon la revendication 6, dans lequel ladite propriete de performance selectionnable d'une file d'attente 
comporte la file d'attente qui detient un paquet attendant d'etre desservi depuis la plus grande quantite de temps, 
ladite variable d'etat correspondante etant le plus long retard en premier. 

Procede selon la revendication 6, dans lequel ladite propriete de performance selectionnable d'une file d'attente 
comporte la file d'attente la plus susceptible de deborder de la memoire tampon qui contient ladite file d'attente, 
ladite variable d'etat correspondante etant la plus susceptible de deborder du tampon. 
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